Directions of stable natural remanent magnetization as well as thermomagnetic and opaque-mineralogical characteristics of alkali basalts occurring in Takakusayama and Ryuso districts immediately east (in the oceanside) of the Setogawa ophiolite belt indicate that the alkali basalts were formed as seamounts or post-spreading volcanics, partly emerged at one time, at a site not far from the present location. The masses of alkali rocks were dissected by the normal faults with a strike of N40 E and then accreted along the outer margin of the Setogawa ophiolite belt.
Introduction
Intrusive and extrusive rocks having the chemical compositions of alkali rock series occur in Takakusayama and Ryuso districts situated immediately east and southeast of the Setogawa ophiolite belt. These rocks are exposed in an area elongated by about 50 km in a nearly NS direction and with a width of about 7 km (Fig. 1) .
Takakusayama district, the southern part of the alkali rock zone has physiographic features represented by a dissected hilly land named Mt. Takakusayama with the maximum height of 504.4m. Its southern margin is marked by a 50 m high sea cliff fringing the coast of Suruga Bay. In Ryuso district north of Takakusayama, alkali rocks are found in a narrow zone on the east of Abegawa River (Fig. 2) .
Flows, sheets and dykes are recognized in these districts. Geological investigations by TIBA (1965) , WADA (1976) and others have shown that the igneous activity began with an intrusion of alkali olivine basalt magma which formed several sheets occupying a large portion of area surrounding Mt. Takakusayama. Pillow structure of some lavas indicates that they erupted under the ocean. No isotope ages have been reported with these rocks. Foraminiferal fossil Globigerina amphliaperture has been found in associated sediments and identified to be Oligocene to Miocene (SAITO, 1960) .
The present authors have investigated rock magnetic and paleomagnetic properties of these alkali rocks with emphasis on recognition of modes of their emplacement at the present position close to the Setogawa ophiolite belt.
Samples and Sampling Sites
Two hundred and eighteen oriented samples were collected at 21 sites in these districts using a portable drill (Fig. 2) . Dyke basalts (sites T1 and T2) and gabbros (site T3) were collected at Sendai town situated at the diverging point of Abegawa and Warashina Rivers, northwest of Shizuoka. Diorite was found at site T4 northeast of Mt. Takakusayama. Coarse-grained dolerites or ophitic gabbros were found in the central part of alkali basalt mass (sites T5, T6, T7), although they are highly altered. Altered dolerites were collected at site T8 southwest of Takakusayama. Pillow lavas of alkali basalts occur at sites T9, T12, T13, and T14, whereas dyke basalts are exposed at sites T 10, Ti 1, and T12. At site T12 both pillow and dyke basalts were collected. They were treated together, as their magnetic properties are very similar to each other. Sediment was sampled at site R3 north of Mt. Ryuso. Alkali basalts were collected at other sites in Ryuso districts (R1, R2, R4 R7), but rocks from site R4 are highly altered.
Major elements contained in two samples (sites T 10 and R5) were analyzed by wet chemical method with the aid of Mr. H. Haramura. Content of Na20 is 4. 82 in TiO and 6. 18 in R5 and that of K20 is 1. 66 in TiO and 2. 31 in R5. Such a high alkali content is characteristic of rocks belonging to the alkali rock series. The results are plotted in the Si02-(Na20+K20) diagram (Fig. 3) together with data already reported by TIBA (1965) with samples from the same districts. Rock from T10 is classified into alkali basalt, while R5 rock is mugearite to trachyte due to its high Si02 content. Trachyte, mugearite and hawaiite with higher Si02 are regarded as products of crystal differentiation in the alkali rock series. These alkali rocks are typical in oceanic islands and seamounts. automatic torque balance in a field of approximately 4, 300 oe. Samples were heated and cooled at a rate of 6C/min in vacuum of 10-s torr. Figures 4(a) (d) shows four typical thermomagnetic curves. The initial Curie temperature Tc1, the higher Curie temperature in the heating process Tc2, and Curie temperature during cooling after heating at 600C for 10 min TCh are listed in Table 1 . Pillow and dyke basalts from sites Ti 1, T12, and T13 occurring at the coast of Suruga Bay show irreversible thermomagnetic behavior in a manner similar to the oceanic basalts. All other samples from these districts exhibit reversible curves. The Curie temperature Tc1 of reversible samples are generally high. With samples from sites T4, T6, R1 and R2, Tc1 is as high as 575C indicating that their ferromagnetic constituent is nearly stoichiometric magnetite. Altered dolerites from site T8, shows reversible thermomagnetic behavior but its Tc1 is about 480C.
Such reversible thermomagnetic curves of most of the present alkali basalts appear to be analogous to the thermomagnetic behavior of the seamount rocks drilled at Suiko seamount in the Emperor Seamount Chain in DSDP Leg 55 of the Glomar Challenger ( KONO, 1979; JACKSON, et al., 1979) , although they are also observed in some terrigenous basalts. It seems likely that these rocks erupted in air when the top of the seamount was emerged and that titanomagnetite contained in them was oxidized at high temperatures so as to form magnetite with exsolved nonmagnetic ilmenite.
Electron-probe Microanalyses of Opaque Minerals
The atomic ratio of Ti/Fe in titanomagnetite particles was measured by an electronprobe microanalyzer (EPMA). Molecular fraction of ulvospinel x in the xFe2TiO4-(1 -x)Fe304 was then calculated and listed in Table 1 . The x-value of Takakusayama basalts (T10, T11, T12, and T13) with irreversible thermomagnetic behavior ranges from 0. 75 to 0. 80, which is comparable to both that of the oceanic basalt subjected to low-temperature oxidation and that of the ophiolite basalts.
Microscopic Observations of Opaque Minerals
Polished thin sections of rocks were examined under reflection microscope. Particles of magnetite with sizes of 40 150 are observed in groundmass of dyke basalts from sites T1 and T2. Exsolutions of ilmenite with the Widmanstatten figure are recognized in many magnetite grains contained in rocks from R6 and R7 (Fig. 5(a) ). Magnetic hardness of such rocks is substantially increased by the exsolution, as the effective grain size of the frrnmacrnatir nhaca ie mrnrh rciitrad A1thrniah tha rir xiar of racnltinn of the nrPCant microscope is insufficient to identify exsolution lamellae of ilmenite in magnetite particles, basalts and gabbros having T 1=560 575C may possibly contain ilmenite of very fine sizes.
Pyrrhotite and pyrite are found together with altered magnetite in samples from R4 as shown in Fig. 5(b) . Pyrite is observed in rocks from T5 T8. Occurrence of iron sulphides may possibly indicate that these rocks have been subjected to hydrothermal alteration in a reducing circumstance. pillow basalts is 6-34 (10-a emu/cc), comparable to that of the oceanic and ophiolitic basalts. Highly altered basalts from R4 have NRM intensity as low as 0.2x10-4 emu/cc, more than one order of magnitude smaller than that of unaltered basalts. Susceptibility Kwas measured and Konigsberger ratio Q,=Jn/KH was calculated. Q, of basalts containing magnetite with exsoluved ilmenite is extraordinarily high (5-7), while most of other basalts have Q, 1. Q, of highly altered basalts (site R4) is only 0.2. Figure 6 shows relations of Jn vs. K of each site. A roughly linear correlation is recognizable between J, and K, indicating that both J, and Kare essentially proportional to the amount of ferromagnetic minerals. Extraordinarily small J, of high alterd basalts at site R4 may imply that Jn is reduced by alteration more substantially than the bulk content of ferromagnetic phase. NRM of 32 selected specimens was progressively demagnetized in alternating fields (a. f.) gradually decreasing from peak amplitudes up to 600 oe. Changes in the normalized intensity of NRM as a function of the maximum amplitudes of a. f. are shown in Fig.  7((a) (d) ). Median destructive field (MDF) at which the normalized NRM intensity decreases to a half of the original is obtained from the a. f, demagnetization curves.
It is remarkable that basalts, dolerites and gabbros with reversible thermomagnetic behavior and high Tc1, which may have been subjected to high-temperature oxidation have MDF higher that 100 oe. MDF of such samples generally exceeds that of basalts subjected to low-temperature oxidation (e. g. site T10 T13), although bulk grain sizes of titanomag- Scatter in directions of NRM of several samples within each site is usually the smallest after a. f. demagnetization by 50 100 oe. All the other specimens were, therefore, demagnetized by a. f. of 50 100 oe for paleomagnetic applications.
Directions of Natural Remanent Magnetization
Stereographic projections of directions of NRM after a. f, demagnetization of 50 oe are shown in Fig. 8 . Figure 9 and Table 1 indicate the averaged directions and radius of their circle of 95% confidence (oc95) for each site. Highly altered rocks collected at sites T5, T6, T7, and R4 have either large scatter within site or appreciable deviations of the averaged directions from the general trend of directions of the other samples. It seems likely that hydrothermal alteration of rocks caused abnormal directions of NRM which is neither parallel to the geomagnetic field when the rocks were formed from magma nor parallel to that at the time of alteration, perhaps because of heterogeneity of alteration.
Paleomagnetic directions of unaltered rocks are aligned on one great circle passing through the direction of the present geomagnetic field. This result seems to indicate that the alkali basalts were originally magnetized at a latitude close to the present and tilted later with a strike of N40E. Most of rocks are tilted westward but some (T8. T11) are slightly eastward. Directions of magnetization imply that rocks at several sites (Ti, T2, T3, T5, R5) are not appreciably tilted. Both normal and reversed polarities are recognized in Takakusayama district, while only normal directions are found in Ryuso samples.
Summary of Results and Tectonic Considerations
The present paleomagnetic and rock-magnetic investigation of alkali rocks occurring in Takakusayama and Ryuso districts has revealed the following characteristics:
(1) Alkali basalts, dolerites and gabbros collected in these districts are quite similar to rocks occurring at seamounts and oceanic islands from both geochemical and thermomagnetic viewpoints.
(2) Irreversible thermomagnetic behavior, high x-values and pillow structure indicate that rocks occurring at some of Takakusayama sites (T10, T11, T12, T13) were formed under the ocean water. In contrast majority of samples from the other sites show reversible thermomagnetic behavior, x-values of nearly zero and Tc1 of nearly 575C, implying that these rocks were formed in a subaerial circumstance and titanomagnetite was oxidized at a high temperature.
(3) It was inferred from paleomagnetic directions that rocks treated in the present study were originally formed from magma at a latitude close to the present localities. It was also implied that most sites were later tilted westward by various dipping angles with a strike of N40E, while a few were tilted slightly eastward and the others were not tilted.
A hypothesis of a series of tectonic events may be speculated, if the above-mentioned results are combined with the tectonic history of the Setogawa ophiolite belt immediately west of the present localities. It has already been postulated by the authors (ToNoudiI and KOBAYASHI, 1982, 1983 ) that the ophiolite complexes of the Setogawa belt were formed at a mid-oceanic ridge situated further south of the present latitude probably in Eocene or early Oligocene and then drifted northward. Most of the ocean floor may have subducted at a paleotrench which presumably existed along the present suture belt.
It seems plausible that a mantle plume vulcanism or a post-spreading magmatism occurred at a site close to the paleotrench so that seamounts were formed. Alkali-rich rocks were predominant in such a magmatism. The crest of the seamount was emerged. Scantiness of sediment cover on the alkali basalt layer appears to be consistent with this conclusion (Dr. S. Arai pointed out to the authors the possibility of seamount origin of these alkali rocks in his private communication for which the authors are much indebted). When the seamount reached the trench, it may have been dissected by normal faults in a manner similar to that demonstrated by some seamounts existing close to the axis of the present trench (MoGI and NISHIGAWA, 1980 with Dai-ichi Kashima seamount at Japan trench, and EISSLER and KANAMORI, 1979 with a seamount at Tonga trench).
As a landmass drifting from the south collided with Honshu island at an adjacent locality (possibly at Hayama-Mineoka and Tanzawa areas) nearly at the same time, the subduction stopped and the dissected seamount was accreted to Honshu together with the ocean floor materials at the southen Setogawa belt. Oligocene to Miocene age of fossils contained in sediment overlying the alkali basalts seems to be consistent with the present conclusion that the seamounts were formed much later than generation of the ocean floor.
The strike of tilting (N40E) of majority of alkali basalts may be roughly parallel to trend of the normal faults dissecting the seamount. This trend of the normal faults seems to be very likely formed at the trench slope, since the Setogawa belt trends nearly NS and direction of subduction is quite oblique to the Setogawa paleotrench and probably NW to NWN.
